aBstraCt. The observation of the rapid rate of plant cover transformation caused by urbanization and agricul tural technology was the inspiration for undertaking the study in rural areas. The study was carried out in the Sandomierz Basin in four typical villages with varying degrees of the anthropogenic impact. The changes observed included: Koszyce Małe -evident transformation of fields and meadows into building land; Kolbuszowa Dolna -intensive changes in land use, abandonment of fields and meadows, and river regulation; Roźwienica -emergence of new habitats for plant colo nization after reclamation of land previously occupied by a brick factory and a landfill; Krzeczowice -intensive crop cultivation and unchanged land use. In 2009-2010, floristic investigations with the patrol method were carried out in these areas. The historical-geographical classification and indices of the anthropogenic changes of the flora were employed in the analysis. Substantially, domination of synanthropic species over non-synanthropic spontaneophytes was noted in the analysed floras. In the synanthropic species group, the proportion of apophytes was 3-fold higher than that of anthropophytes. Archaeophytes were more abundant than kenophytes. The flora of Krzeczowice, an area af fected by long-term anthropopressure, was by approx. 30% less abundant than that in the other villages; it was also characterised by the highest synanthropization index, apophytization index, and index of apophytism of spontaneophytes. In turn, the flora found in Kolbuszowa Dolna was rich due to the presence of a wide variety of habitats; it was characterised by the lowest apophytization index accompanied by the highest anthropo phization index.
INTRODUCTION
Intensified processes of natural environment transformations caused by urbanization have focused botanists' attention on changes in urban flora and vegetation. Extensive investigations of synanthropic flora in Poland and Central Europe were initiated in the 60s of the last century, and they have been continued until nowadays (BoManowsKa & witosławsKi 2008 , BaCiECzKo & BorCz 2014 . The process of synanthropization of the flora in urbanized areas is analysed in detail in temporal and spatial aspects (JaCKowiaK 1990 , suDniK-wóJCiKowsKa 1998 . Considerably fewer investigations of synanthropic flora have been carried out in rural areas (wołKowyCKi 1997) . Over the last decades, there have been changes in land use and technological changes in agriculture in these areas; villages situated near cities have been undergoing the urbanization process.
The changes observed and the attempt at comparison of urban and rural flora and vegetation initiated by FalińsKi (1971) , the ongoing investigations of ruderal floras of villages and towns conducted by wołKowyCKi (1997, 2000a, 2000b) , and the analyses of the floras of abandoned villages in the Kampinoski National Park carried out by KirpluK (1996 KirpluK ( , 2009 KirpluK ( , 2011 inspired us to conduct the research of the human impact on the plant cover in rural areas.
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The aim of the study was to explore the human impact on the flora and vegetation in four typical rural localities characterised by varying degrees of anthropopressure.
STUDY AREAS
The analyses of the flora and vegetation were performed in south-eastern Poland in the Sandomierz Basin, in four typical agricultural villages: Koszyce Małe, Kolbuszowa Dolna, Roźwienica, and Krzeczowice. The choice of the study areas was dictated by the distinct and varied human impact on the plant cover.
Koszyce Małe is a small village situated ca. 6 km away from Tarnów with an evident process of land urbanization. The village is located in the near Carpathians part of the Sandomierz Basin in the Biała River valley. According to the geomorphological division proposed by starKEl (1972), it lies on the Wojnicz Plateau within the Bochnia Foothills mesoregion (KonDraCKi 2009). The Wojnicz Plateau is built of Miocene formations covered by Quaternary sediments -loess and gravel deposited by the river. The climate of the region is characteristic for the mesoclimates of plateaus and higher river terraces. Agricultural land in Koszyce Małe accounts for 80% of the area. Unmanaged fields and meadows have been converted into building plots.
Kolbuszowa Dolna is situated ca. 3 km away from Kolbuszowa town in the Nil River valley on the Kolbuszowa Plateau (KonDraCKi 2009). Two transport routes and a newly renovated railway line cross the village. River reclamation has been carried out here. It involved regulation of the riverbed by deepening thereof as well as reinforcement of its banks. The village is characterised by undulating terrain; the bedrock is formed by Miocene clays covered by Quaternary deposits: gravels and sands. It used to be a vast agricultural area, but currently arable land constitutes 60% of the area, half of which are fallow fields. Unmowed meadows are undergoing the succession process.
Roźwienica is situated 10 km away from Jarosław in the Mleczka River valley, the Rzeszów Foothills mesoregion (KonDraCKi 2009). Given the favourable agronomic conditions (fertile soils: chernozems and brown soils), the area has been characterised by intense agricultural activity since the 14th century. Since then, natural and seminatural habitats have been transformed and replaced by farmland. Currently, the fields and meadows have mostly been abandoned. Numerous roads, roadside embankments, and reclaimed landfill and a brickyard colonized by synanthropic vegetation are specific ruderal habitats. On the reclaimed land, two water reservoirs were constructed and their banks were planted with woody vegetation. The forest belonging to the village has only retained its natural character.
Similar to Roźwienica, Krzeczowice is a village located in the Mleczka River valley in the Rzeszów Foothills mesoregion, 5 km away from Kańczuga town (KonDraCKi 2009). The deforested and hilly area is characterised by a monotonous landscape of vast fields. Owing to the favourable agronomic conditions, i.e. fertile chernozems and brown soils, as well as good thermal and moisture conditions, the area is famous for cultivation of sugar beet, cereals, and onion (raBCzaK 2004) .
Various forms of the human impact on the vegetation cover were noted in the presented villages. In Koszyce Małe, transformation of fields and meadows into building land was evident. In Kolbuszowa Dolna, intensive changes in land use, abandonment of fields and meadows, and regulation of the Nil River were noted. In Roźwienica, new habitats for plant colonization have emerged after reclamation of land previously occupied by a brick factory and a landfill. Synanthropic plants are colonising abandoned fields and meadows, as well as the surroundings of the constructed water reservoirs. In Krzeczowice, dominance of intensively cultivated fields and long-term unchanged land use were observed.
MATERIAL AND METHODS
In the areas described above, floristic investigations with the patrol method were carried out in 2009-2010 consisting in recording plant species growing on roadsides, ditches, meadows, fields, wastelands, railway tracks, and in fragments of natural communities. In 2011-2014, the investigations were supplemented and verified. The historical-geographical classification of the flora species was based on literature data and comprehensive studies of the history species spread (Kornaś 1968 , zaJąC 1979 , MirEK 1981 , zaJąC and zaJąC 1992 , zaJąC et al. 1998 , toKarsKa-guziK 2005 as well as own observations. The analysis of the floras was based on indices proposed by Kornaś (1977) and JaCKowiaK (1990) .
Additionally, phytosociological relevés of vegetation patches characteristic of the area were taken with the Braun-BlanquEt (1964) method. The classification of vegetation follows MatuszKiEwiCz (2004) , and the classification of soil is based on the Systematics of Polish soils (systEMatyKa... 1989).
RESULTS
The human impact on the vegetation cover in the study areas was assessed by detailed qualitative and quantitative analysis of the examined flora and description of characteristic and most frequent plant communities. Substantial dominance of synanthropic species over non-synanthropic spontaneophytes was noted in the analysed floras (Table 1, Fig. 1 ). In the synanthropic species group, the proportion of ap-117 ophytes was ca. 3-fold higher than that of anthropophytes (with the exception of Kolbuszowa Dolna). Similarly, archaeophytes slightly dominated over kenophytes (with the exception of the flora in Roźwie-nica). The flora of Krzeczowice, an area affected by long-term anthropopressure, was by approx. 30% less abundant than that in the other villages (Table  2) ; it was characterised by the highest synanthropization index (88.44%), total apophytization index (64.44%), and index of apophytism of spontaneophytes (91.19%). In turn, the flora in Kolbuszowa Dolna was richer due to the presence of a wide variety of habitats (fragments of natural communities, abandoned fields and meadows, numerous roadsides); it was characterised by the lowest total apophytization index (39.74%) accompanied by the highest total anthropophization index (26.28%) associated with the greatest abundance of the flora of the roadsides. The substantially higher proportion of non-synanthropic species in the floras of Koszyce Dolne, Kolbuszowa, and Roźwienica than in Krzeczowice was associated with the presence of almost undisturbed forest communities in these locations, which reflects a higher degree of a natural character of the areas. The highest proportion of apophytes (208 species) in the flora of Roźwienica contributing to species richness (the richest flora) was related to colonization of new habitats created by humans through land reclamation. The minor differences between the abundance of archaeophytes and kenophytes in Koszyce Małe and Krzeczowice indicate spread of kenophytes in these areas. A higher proportion of cultivated garden plants, i.e. potential ephemerophytes and ergasiophygophytes, were found in the flora in Koszyce Małe, which is a typical suburban village.
The analysed villages exhibit predominance of anthropogenic semi-natural and synanthropic communities. Natural communities, i.e. small fragments of forests, have remained thanks to the suitable terrain features and substratum. Due to degradation of habitats, they undergo degeneration processes resulting in emergence of phytocoenoses that are difficult to classify. The fields are inhabited by poor segetal communities, whereas ruderal vegetation colonizes wasteland, building sites, roadsides, landfills, and railway tracks. The list of the characteristic and most frequent plant communities of the analysed villages is presented in the Table 3 .
DISCUSSION
There are few reports from Poland on rural flora similar to available descriptions of urban flora. The process of synanthropization of urban floras, unlike rural areas, has been explored in detail (JaCKowiaK 1998, suDniK-wóJCiKowsKa 1998). This may be caused by the differences in the functioning of (1996, 2009, 2011) . KirpluK (2011) reports that the floras of 15 abandoned villages of the Kampinoski National Park are dominated by native species -apophytes (two thirds of the flora), and the number of archaeophytes in the individual villages ranges from 28 to 46 species. Similar results were obtained for the four villages analysed in the present study. Description of flora synanthropization using appropriate indices allows determination of the rate and direction of anthropogenic flora transformations. As proposed by Kornaś (1977) , the synanthropization index (a sum of archaeophytes and kenophytes) depends on the size of the analysed area and population and increases with the increasing surface area. This is confirmed by the comparison of the analysed villages (with the exception of Koszyce Dolne) and the extensive and detailed investigations of rural and urban floras conducted by wołKowyCKi (2000a, 2000b) .
The floras of nearby cities (święs & piórECKi 1986 , JurEK 2005 , Żyła 2013 ) in the Sandomierz Basin exhibit a higher flora synanthropization index than that noted in the rural areas (Table 4 ). The flora modernization index developed by Kornaś (1977) , i.e. the ratio of kenophytes to archaeophytes in localities situated in areas with similar climatic conditions, should be correlated with the size and specificity of the area. For urban floras, e.g. in Jarosław, the index is higher than that for Roźwienica, but lower than the index for Krzeczowice. Tarnów city bordering Koszyce Małe is 15-fold larger than the village. As shown by JurEK (2005), the flora of Tarnów comprises 620 species with a proportion of anthropophytes not exceeding that of Koszyce, but the modernization index is lower, likewise the flora modernization index proposed by JaCKowiaK (1990) .
A characteristic feature of the vegetation of Koszyce Małe is the presence of abandoned fields and post-agricultural meadows. Abandonment of land initiates secondary succession. Fallows are colonized by vegetation characteristic for habitats associated with appropriate substrate (pseudogley soil). The first stages of succession involve colonization of fallows by a meadow community of the Arrhenatherion alliance or community with domination Solidago gigantea. Within several years, shrubs, with Prunus padus appearing first, colonize fallow areas. The species composition of the succession stages is different from that reported by DuBiEl (1984) and FalińsKi (1986) . In this case, the processes of vegetation synanthropization should be compared with the ecological succession process. The necessity of interpretation of comtemporary changes in vegetation in accordance with the basics of the synanthropization and syndynamics theory was emphasized by FalińsKi (2001) . The author believed that anthropogenic vegetation resulting from the synanthropization process could be the subject of analysis, classification, and description to a limited degree only. Elucidation of the vegetation synanthropization process requires consideration of its relationship with primary vegetation and vegetation liberal of the former anthropopressure. This requires knowledge of ecological processes that have an impact on vegetation. Notes: S -synanthropisation index, M -modernisation index acc. to Kornaś (1977) , K/Me -flora modernisation index acc. to JaCKowiaK (1990), * -after the Central Statistical Office (GUS 2011).
